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© Guide wire. 


© A guide wire comprising a super-elastic core 
member which consists of a proximal section, a 
distal section smaller in diameter than the proximal 
section and a intermediate section between the 
proximal section and the distal section, an X-ray 
opaque metal coil attached to the distal section of 
the core member in tight contact with the distal 
section, a synthetic resin envelope which covers the 

core member and the X-ray opaque metal coil to 
form a substantially smooth outside surface, and a 
hydrophilic lubricative layer which covers the outside 
surface of the synthetic resin envelope. The distal 
section of this guide wire can be reshaped repeat- 
edly. The X-ray visibility of the distal section is 
improved. 

FIG. 

7 


1 



Rank Xerox (UK) Business Services 

( 3 . 10 / 3 . 09 / 3 . 3 . 4 ) 


1 


EP 0 661 073 A1 


2 


BACKGROUND OF THE INVENTION 

This invention relates to a guide wire used to 
introduce a catheter to a desired part of a human 
body for treatment or examination purpose. 

Introduction of a catheter into blood vessels 
has been practiced for examination or treatment of 
heart diseases. To introduce a catheter to the part 
aimed at in the body, a guide wire is passed 
through the catheter and advanced ahead of the 
catheter. After the guide wire reaches the part, the 
catheter is advanced along the guide wire to the 
part. 

Especially in percutaneous transluminal coro- 
nary angioplasty (PTCA), the distal (lead) end of 
the guide wire is advanced to a stenosed part 
aimed at, selecting branches of the coronary artery 
under radiography or angiography, the distal end of 
the guide wire is passed through the stenosed part. 
Then, a dilatation catheter provided with a balloon 
near the distal end is advanced along the guide 
wire. The balloon is positioned at the stenosed part 
and inflated to widen the stenosed part. By thus 
restoring the blood flow, the hemostasis which is 
causing the angina pectoris is treated. 

To advance the guide wire into the desired 
branch at the furcation in the coronary artery, the 
distal end of the guide wire must be formed into an 
appropriate shape matching the shape of the furca- 
tion by the hands (reshaping). Conventional angle 
type guide wires and guide wires with a J-shaped 
lead end are difficult to insert especially when they 
must be inserted into a coronary artery at the 
peripheral side. In such cases, the distal end of the 
guide wire is reshaped into a desired shape and 
used. When the shape of the distal end does not 
match the shape of the branch after the guide wire 
is inserted, the guide wire is pulled out to reshape 
the distal end, then inserted again. 

Further, the force or the movement applied to 
the proximal side must be transmitted to the distal 
end in order to aim the distal end of the guide wire 
in the desired direction. 

A contrast medium is injected into blood ves- 
sels intermittently to identify the desired coronary 
artery with irradiation of X rays. Manipulation of the 
distal end of the guide wire is also performed 
keeping track of the position of the distal end with 
irradiation of X rays. Therefore, there is desired for 
the distal end of the wire than that of the contrast 
medium used for angiography. 

To insert from the femoral artery and advance 
into the coronary artery via the aorta, the aortic 
arch and the entrance of the coronary artery, the 
guide wire needs an adequate flexibility to bend 
along the blood vessels and a high capability of 
transmitting the pushing force applied to the proxi- 
mal side to the distal end (pushability). 


To position the balloon of a dilation catheter in 
a stenosed or obstructed part and widen the pas- 
sage, it is important to be able to pass the distal 
end of the guide wire through stenosed or ob- 
5 structed parts. When passing the distal end of the 
guide wire through a stenosed or obstructed part, 
the proximal portion of the guide wire is pushed in 
while it is slowly rotated. The distal end of the 
guide wire must rotate smoothly in synchronism 
io with the rotation of the proximal side. If an intermit- 
tent rotation (so called "bouncing”) occurs at the 
distal end when the proximal side is rotated at a 
constant speed, such a guide wire is difficult to 
pass through stenosed or obstructed parts. 
is There are guide wires disclosed in U.S.P 
4,545,390 and Canadian Patent 1,324,553. 

The guide wire shown in U.S.P 4,545,390 has 
the distal section of the main wire member tapered 
toward the distal end and a spring member at- 
20 tached on the tapered section only. The guide wire 
shown in Canadian Patent 1 ,324,553 has the distal 
section of the inner core member tapered and a 
high contrast X-ray shadow producing spring mem- 
ber attached on the distal end. 

25 The guide wire of U.S.P 4,545,390 is difficult to 

use reshaping repeatedly because of its getting 
into a habit of bending from previous reshaping. 
Especially, it is difficult that the distal end of the 
guide wire is formed into a low angle shape (ex. 60 
30 degree with a center axis of the guide wire) by 
second reshaping after the distal end of the guide 
wire was formed into a high angle shape (ex. 90 
degree with the center axis of the wire) by first 
reshaping. Therefore, a new guide wire must be 
35 used when a differently shaped distal section is 
required. Moreover, since the spring member at the 
distal section is exposed, the unevenness of the 
surface causes a resistance when the guide wire is 
inserted through stenosed parts. Especially when 
40 the stenosed part is narrower than the outer diam- 
eter of the distal section of the guide wire, even a 
small unevenness of the surface can cause a con- 
siderable resistance against insertion. Because of 
this resistance caused by the spring member, the 
45 insertion through stenosed parts of the guide wire, 
especially the one with a very flexible, easily bend- 
ing distal section, is difficult. 

The guide wire of Canadian Patent 1,324,553 
has the high contrast X-ray shadow producing 
50 spring member, which practically cannot be re- 
shaped. 

The present invention was made to solve the 
problems with conventional guide wires describe 
above. 

55 The object of the present invention is to pro- 

vide a guide wire which can be reshaped, espe- 
cially repeatedly and accurately into any desired 
shape or form, has a high X-ray visibility, and can 
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be easily passed through stenosed parts. 

Another object of the present invention is to 
provide a guide wire which can transmit a torque 
and pushing force applied to the proximal side to 
the distal end with high fidelity and hence has a 
high manipulatability. 

SUMMARY OF THE INVENTION 

The guide wire of the present invention com- 
prises a super-elastic core member having a proxi- 
mal section, a distal section smaller in diameter 
than the proximal section and an intermediate sec- 
tion between the proximal section and the distal 
section, an X-ray opaque metal coil attached to the 
distal section of the core member in tight contact 
with the distal section, a synthetic resin envelope 
which covers the core member and the X-ray 
opaque metal coil to form a substantially smooth 
outside surface, and a hydrophilic lubricative layer 
which covers the outside surface of the synthetic 
resin envelope. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a sectional view of a first embodi- 
ment of a guide wire of the present invention. 

Figure 2 is a sectional view of a second em- 
bodiment of a guide wire of the present invention. 

Figure 3 is a sectional view of a third embodi- 
ment of a guide wire of the present invention. 

Figure 4 illustrates stress-strain curves of su- 
per-elastic core members obtained by tension 
tests. 

Figures 5(a) and 5(b) are line graphs which 
show the torquetransmitting capabilities of the su- 
per-elastic core members. 

Figures 6(a) and 6(b) are line graphs which 
show the rigidities of the super-elastic core mem- 
bers. 

Figure 7 illustrates a stress-strain curve of the 
core member used for a distal section of the third 
embodiment of the guide wire of the present inven- 
tion. 

Figure 8 is a lateral view of the intermediate 
and distal sections of a super-elastic core member 
used for a guide wire of the present invention. 

Figure 9 is a lateral view of the distal section of 
a guide wire of the present invention with a syn- 
thetic resin envelope stripped. 

DETAILED DESCRIPTION 

The guide wire of the present invention is de- 
scribed below using the embodiments shown in the 
drawings. 

As shown in Figure 1, the guide wire 1 of the 
present invention comprises a super-elastic core 


member 10 consisting of a proximal section 12, a 
distal section 14 smaller in diameter than the proxi- 
mal section 12, and a intermediate section (in other 
words, middle section or transitional section) 16 
5 between the proximal section 12 and the distal 
section 14 which becomes gradually smaller in 
diameter from the proximal section to the distal 
section, an X-ray opaque (shadow producing) metal 
coil 20 attached closely to the distal section 14 of 
io the core member 10, a synthetic resin envelope 30 
which covers the outside surface of the core mem- 
ber 14 and the X-ray opaque metal coil 20 to form 
a substantially smooth outside surface, and a hy- 
drophilic lubricative layer 40 which covers the out- 
75 side surface of the synthetic resin envelope 30. 

The super-elastic core member 10 has the 
proximal section 12, the intermediate section 16, 
and the distal section 14, from the proximal side 
toward the distal side. 

20 The distal section 14 of the super-elastic core 
member preferably has an approximately uniform 
outer diameter or is slightly tapered toward the 
distal end. By thus forming the distal section 14, it 
has an approximately uniform flexibility in the di- 
25 rection of the axis. The distal section 14 has the 
highest flexibility compared to the intermediate and 
proximal sections. 

The intermediate section 16 is the portion 
which becomes gradually smaller in diameter to- 
30 ward the distal section 14. This portion, which is 
also referred to as the "tapered portion", may 
become smaller in diameter in a uniform taper or in 
different tapers, for example, in steps, unless an 
abrupt change in the physical property (flexibility or 
35 rigidity) is not caused between the distal section 14 
and the proximal section 16. By forming such a 
intermediate section 16 in the super-elastic core 
member, a high flexibility is given to the distal 
section of the guide wire without the concentration 
40 of stress which causes kinking. 

The proximal section 12 is the portion which 
extends from the intermediate section 16 to the 
proximal end. The proximal section 12 has a great- 
er diameter than the distal section 14 so that it can 
45 transmit the torque and pushing force applied to 
the proximal end portion of the guide wire to the 
distal section with high fidelity. 

The distal section and the intermediate section 
may be a continued portion which becomes gradu- 
50 ally smaller in diameter at about the same taper 
(rate of diminution) from the outer diameter of the 
proximal section, which is uniform throughout the 
length of the proximal section. The X-ray opaque 
coil 20 may be divided into two or more portions 
55 which are attached on the distal section at appro- 
priate spaces. 

In a preferred embodiment, the intermediate 
section 16 of the super-elastic core member is 
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more flexible than the proximal section 12, and the 
distal section 14 is more flexible than the inter- 
mediate section 16. To provide the super-elastic 
core member with this property, the proximal sec- 
tion of the super-elastic core member is formed in 
a larger outer diameter, the distal section in a 
smaller outer diameter, and the intermediate sec- 
tion is tapered so as to connect the proximal sec- 
tion and the distal section with a gradual change in 
the physical property. 

Also for this embodiment, the distal section is 
preferably of a uniform diameter or slightly tapered. 

The intermediate section has preferably two 
portions with different tapers: first intermediate sec- 
tion 16a with a smaller taper and second intermedi- 
ate section 16b with a larger taper, as shown in 
Figure 8. By this form of the intermediate section, 
the occurrence of an abrupt change in the physical 
property of the super-elastic core member around 
the rear end of the coil 20 can be prevented. That 
is, the composite member constituted of the core 
member 10 and the coil 20 wound changes to the 
core member alone at the rear end of the coil 20, 
and therefore a point of abrupt change in the 
physical property can occur. However, the second 
intermediate section 16b is formed at the distal 
side part of the intermediate section 16 , and the 
second intermediate section 16b has a taper great- 
er than that of the first intermediate section 16a at 
the proximal side part as described above, forma- 
tion of a visible point of abrupt change in the 
physical property can be prevented. Thereby bend- 
ing of the core member becomes smoother. The 
length of the second intermediate section is prefer- 
ably about 0.03 to 0.2 times the length of the first 
intermediate section. The taper of the second inter- 
mediate section is preferably about 3 to 40 times 
the taper of the first intermediate section. 

The dimensions of the super-elastic core mem- 
ber vary depending on the use of the guide wire. 
For the super-elastic core member with the distal 
section, intermediate section, and proximal section 
used for a PTCA guide wire, for example, the outer 
diameter of the distal section is within the range of 
0.06 to 0.12 mm, preferably 0.06 to 0.10 mm, and 
the length is within the range of 10 to 50 mm; the 
length of the intermediate section is within the 
range of 50 to 600 mm; and the outer diameter of 
the proximal section is within the range of 0.26 to 
0.50 mm, and the length is within the range of 
1000 to 3000 mm. 

The core member is made of a super-elastic 
material so that it has an appropriate flexibility 
needed for bending along blood vessels along with 
an appropriate rigidity for transmitting the torque 
and pushing force applied to the proximal end 
portion to the distal end. The super-elastic material 
includes Ni-Ti alloy, Cu-Zn-X alloy (X = Be, Si, Sn, 


Al or Ga), and Ni-AI alloy. Ni-Ti alloy is preferable. 
A third element such as Co or Fe may be added to 
Ni-Ti alloy. 

The distal section, intermediate section, and 
5 proximal section of the super-elastic core member 
may have the same physical property, or the distal 
section or the proximal section alone may have a 
different physical property. 

The X-ray opaque coil is attached to the distal 
io section of the core member in tight contact with the 
surface of the distal end. Materials which are com- 
paratively opaque to X rays and provides a high 
visibility by radiography include gold, platinum, sil- 
ver, bismuth, tungsten, or alloys of two or more of 
15 them (platinumtungsten, for example) or alloys of 
one of them and other metals (gold-iridium or plati- 
num-iridium, for example). The X-ray opaque coil 
may be plated with another material. 

Although there is no particular limitation on the 
20 outer diameter of the X-ray opaque coil unless it 
has a satisfactory reshapability, manipulatability, 
and X-ray visibility, the X-ray visibility increases 
with the outer diameter of the coil. On the other 
hand, the transmission of torque is made easier by 
25 the outer diameter of the metal coil equal to or 
smaller than that of the core member. For a core 
member with the distal section, intermediate sec- 
tion and proximal section as of this embodiment, 
the outer diameter of the X-ray opaque coil is 
30 preferably equal to or smaller than the largest outer 
diameter of the core member or the outer diameter 
of the proximal section. By use of such an X-ray 
opaque coil, the outer diameter of the distal section 
of the core member with the coil attached does not 
35 exceed the outer diameter of the proximal section 
of the core member. 

The length of the metal coil in the direction of 
the axis should allow reshaping and is within the 
range of 10 to 40 mm, preferably 15 to 40 mm, 
40 and especially preferably 20 to 30 mm. 

The material for the coil is one of the above 
mentioned metals and has a Vickers Hardness 
preferably within the range of 90 to 300 and espe- 
cially preferably within the range of 120 to 250, 

45 from the point of ease of deforming and the stabil- 
ity of the shape into which the metal coil is re- 
shaped. To put it concretely, an alloy of platinum 
(90% to 95%) and iridium (10% to 5%) is prefer- 
able. 

so The diameter of the wire for forming the coil is 
within the range of about 0.03 to 0.15 mm or about 
1/2 to 2 times the outer diameter of the distal 
section of the core member. 

The wire is wound sparsely in order to make a 
55 deformation of the coil easier. Thereby, the coil 20 
has narrow spaces between turns as shown in 
Figure 9, in other words, the coil 20 has a narrow 
spiral space. The coil is hard to deform if the 
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adjacent turns, are in close contact with each other, 
but a sparsely wound coil can deform easily. How- 
ever, the X-ray visibility of the coil decreases with 
the distance between the turns. Therefore, the dis- 
tance between the turns is preferably within the 5 

range of about 5/100 to 1/2 time diameter of the 
wire or about 5/100 to 1/2 time outer diameter of 
the distal section of the core member. 

The tight fitting of the X-ray opaque coil on the 
core member is accomplished by winding the X- io 
ray opaque metal wire or by inserting the distal 
section of the core member through the X-ray 
opaque coil wound in advance in an inner diameter 
nearly equal to the outer diameter of the distal 
section of the core member. Both ends of the coil is 
is secured to the core member with an adhesive or 
by soldering or welding. Further, the coil can be 
more reliably secured by forming at the distal end 
of the core member a larger-diameter portion such 
as a bulb which has an outer diameter a little 20 
greater than the inner diameter of the metal coil 
and securing the front end of the metal coil to the 
larger-diameter portion. The bulb larger-diameter 
portion can be formed by melting the core mem- 
ber. 25 

It is preferable to secure at least the front edge 
of the metal coil to the core member with an 
adhesive or by soldering. With the front end se- 
cured, the coil cannot damage the synthetic resin 
envelope when it deforms. Further, by securing 30 
both ends of the coil, change in the distance be- 
tween the turns and the length of the coils are 
suppressed and reshaping of the coil is made 
easier. 

Securing with an adhesive is preferable, be- 35 
cause it does not heat the core member partly as 
soldering does and therefore there is no need to 
worry about causing a change in the physical prop- 
erty of the core member. For the adhesive, any 
adhesive which can bond the super-elastic metal ao 
and the X-ray opaque metal coil may be used. For 
example, an epoxy adhesive or an urethane adhe- 
sive can be used, and an epoxy adhesive is espe- 
cially preferable. 

It is preferable that the front end 20a and rear 45 
end 20b of the wire of the coil 20 are cut at an 
approximately right angle with the center axis of 
the wire. The securing force of the adhesive 22 is 
stronger for the wire ends cut at a right angle with 
the wire axis than for those cut obliquely, and 50 
hence move of the coil ends caused by the force 
exerted when the coil is deformed can be pre- 
vented. 

By attaching the X-ray opaque metal coil to the 
super-elastic core member in tight contact with the 55 
outer surface of the core member, reshaping using 
a plastic deformation of the metal coil is made 
possible. Since the core member does not undergo 


a plastic deformation because of its super elasticity 
if the metal coil is plastic-deformed, repeated re- 
shaping of the distal section of the guide wire into 
various shapes is possible. 

The core member 10 and the X-ray opaque 
metal coil 20 are covered with a synthetic resin 
envelope or cover 30. 

Specifically, the synthetic resin envelope 30 
envelopes the core member 10 and the X-ray 
opaque metal coil 20 and forms a substantially 
smooth outside surface. The guide wire with the 
synthetic resin envelope formed has preferably an 
approximately uniform outer diameter from the dis- 
tal end to the proximal end. The distal section may 
be formed in a smaller outer diameter than the 
other portion of the guide wire for the purpose of 
increasing the flexibility of the distal section or 
making it easier to pass the guide wire through 
stenosed parts in blood vessels. 

It is also possible to cover only the distal 
section containing the metal coil and its vicinity, 
wherein the front end of the cover is positioned at 
the distal side from the front end of the metal coil 
and the rear end of the cover is positioned at the 
proximal side from the rear end of the metal coil. In 
this structure, it is preferable to apply silicone to 
the exposed surface of the core member. 

The envelope is formed of a synthetic resin 
because of a synthetic resin being easy to form 
and the surface of the synthetic resin envelope 
being easy to treat as described below. The syn- 
thetic resin envelope is flexible enough not to pre- 
vent bending of the core member, and the outer 
surface is substantially smooth. 

Powder of an X-ray opaque material may be 
mixed into the synthetic resin for forming the en- 
velope. For the powder X-ray opaque material, 
tungsten, bismuth and barium, for example, can be 
used. By covering a part or the whole of the core 
member with the synthetic resin containing an X- 
ray opaque material, the X-ray visibility of that part 
or the whole of the guide wire increases. Espe- 
cially, by covering the distal section of the core 
member with the synthetic resin containing an X- 
ray opaque material, the X-ray visibility of the distal 
section of the guide wire further increases. 

The flexibility of the synthetic resin envelope 
may be changed according to the flexibility of the 
core member. Specifically, different synthetic res- 
ins are used for the distal section, the intermediate 
section, and the proximal section of the core mem- 
ber. For example, a most flexible (and soft) ma- 
terial is used for the distal section which is inserted 
into blood vessels and pressed against the wall of 
blood vessels; a most rigid material is used for the 
proximal section in order to reinforce the torsional 
rigidity and the bending rigidity of the proximal 
section; and a material with an intermediate rigidity 
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is used for the intermediate section. For the inter- 
mediate section, two materials with different rigidit- 
ies may also be used 1 gradually increasing the 
proportion of the material with a lower rigidity to- 
ward the distal end. This method is preferable 5 

because an abrupt change in the torsional rigidity 
can be prevented. 

The synthetic resin envelope may be formed of 
two or more layers. For example, the proximal 
section of the core member is covered with a resin ic 

having a comparatively high rigidity such as 
polyimide resin in order to reinforce the rigidity. 

The inner layer is made of this resin cover. Over 
this inner layer, the outer layer is formed of a resin 
with a plenty of reactive groups which bind a is 

hydrophilic lubricative substance. A lubricative lay- 
er of a hydrophilic substance is fixed to the outer 
layer. 

It is also possible to form the inner layer using 
an adhesive resin such as ionomer in order to 20 
increase the adhesive strength between the super- 
elastic core member and the resin layer and there- 
by improve the torque transmission capability of 
the guide wire. Over this inner layer, the outer layer 
is formed of a resin with a plenty of reactive groups 25 
which bind a hydrophilic lubricative substance. A 
lubricative layer of a hydrophilic substance is fixed 
to the outer layer. A layer of a resin with a low 
coefficient of friction such as fluororesin may be 
formed on the outside surface of the cover. 30 

For the material for the synthetic resin en- 
velope, polyurethane, polyethylene, polyvinyl chlo- 
ride, polyester, polypropylene, polyamide, polysty- 
rene, fluororesin, silicone, their elastomer (polyes- 
ter elastomer, for example), or a composite ma- 35 
terial of two or more of them can be used. 

The hydrophilic lubricative layer which covers 
the outside surface of the synthetic resin envelope 
exhibits a hydrophilic property when it gets wet, 
and their lubricity increases. By forming this hydro- ao 
philic lubricative layer, the frictional resistance be- 
tween the inside surface of a catheter and blood 
vessels can be reduced and a high lubricity is 
imparted to the guide wire. 

The hydrophilic lubricative layer may be fixed as 
to the synthetic resin envelope by chemical com- 
bination (ionic bond or covalent bond) or by a 
physical force. 

The hydrophilic lubricative layer is formed of a 
hydrophilic lubricative substance coated on the out- so 
side surface of the envelop. A hydrophilic lubrica- 
tive substance which exhibits a lubricity when it 
gets wet is preferable, and a preferable hydrophilic 
lubricative substance is a water-soluble high-molec- 
ular substance. The hydrophilic lubricative sub- 55 
stance may be fixed to the outside surface of the 
envelop. 


For the hydrophilic lubricative substance, high- 
molecular substances containing hydrophilic 
groups such as -OH, -CONH 2 , - COOH, -NH 2 , 
-COO” and -SO 3- are preferable. Those preferable 
substances include methyl vinyl ether-maleic anhy- 
dride copolymer, methyl vinyl ether-maleic anhy- 
dride soda, methyl vinyl ether-maleic anhydride 
ammonium salt, maleic anhydride-ethyl ester 
copolymer as maleic anhydride derivative, polyeth- 
ylene oxide as polyalkyne oxide, polyethylene gly- 
col as polyalkylene glycol, and polyacrylic acid 
soda as acrylic acid derivative. 

The hydrophilic lubricative substance is desir- 
ably a copolymer of hydrophilic compound and 
hydrophobic compound, and more desirably a 
block copolymer of hydrophilic compound and hy- 
drophobic copolymer. Such block copolymers of 
hydrophilic compound and hydrophobic compound 
include poiy(glycidyl methacrylate) (PGMA)- 
dimethyl acrylamide (DMAA), methacrylchloride- 
DMAA, methacryloyloxyethylisocyanate-DMAA, 
poly(gfycidyl acrylate)-maleic anhydride. 

The hydrophobic compound of such a 
copolymer combines with the synthetic resin en- 
velope as the foundation, and the hydrophilic com- 
pound binds water and swells to reduce the coeffi- 
cient of friction. 

The outside surface of the synthetic resin en- 
velope may also be coated with an anticoagulant 
such as heparin and urokinase or an anti-throm- 
bogenic material such as silicone rubber, block 
copolymer of urethane and silicone, or hydrox- 
yethylmethacrylate-styrene copolymer. 

Concrete embodiments of the guide wire ac- 
cording to the present invention are described be- 
low. 

As shown in Figure t, the guide wire 1 of the 
first embodiment of the present invention com- 
prises a super-elastic core member 10 having a 
proximal section 12, a distal section 14 smaller in 
diameter than the proximal section 12 and a inter- 
mediate section 16 between the proximal section 
12 and the distal section 14, an X-ray opaque 
metal coil 20 attached to the distal section 14 of 
the core member 10 in tight contact with the distal 
section, a synthetic resin envelope 30 which covers 
the outside surface of the core member 10 and the 
X-ray opaque metal coil 20 to form a substantially 
smooth outside surface, and a hydrophilic lubrica- 
tive layer 40 over the outside surface of the syn- 
thetic resin envelope 30. 

The guide wire 1 of this embodiment has an 
overall length of 180 cm and an outer diameter of 
about 0.35 mm. The overall length of the guide 
wire 1 may be within the range of 80 to 500 cm. 
The outer diameter of the guide wire 1 is deter- 
mined appropriately for the intended application, 
and the preferable outer diameter of the guide wire 
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1 for PTCA is equal to or smaller than 0.5 mm. 

The super-elastic core member 10 consists of 
the distal section 14, the intermediate section 16, 
and the proximal section 12. 

The distal section 14 has an approximately 
uniform outer diameter and an approximately uni- 
form flexibility. This portion is most flexible com- 
pared to the intermediate section 16 and the proxi- 
mal section 12. The outer diameter of the distal 
section 14 is about 0.1 mm, and the length is about 
20 mm. 

The intermediate section 16 becomes gradually 
smaller in diameter toward the distal section 14. In 
this embodiment, the intermediate section 16 be- 
comes gradually thinner at a uniform taper, and 
can be referred to as the "tapered portion". The 
length of this intermediate section 16 is 300 mm. 
By intermediate section 16, the flexibility (ben- 
dability) of the guide wire can be continuously 
increased toward the distal end without an abrupt 
change which can cause kinking. 

The proximal section 12 extends from the inter- 
mediate section 16 to the proximal end of the 
guide wire 1. This proximal section has a substan- 
tially uniform outer diameter of about 0.3 mm and a 
length of about 1500 mm. The proximal section 12 
is thicker than the distal section 14 so that it can 
transmit the torque and pushing force applied to 
the proximal portion to the distal section 14 with 
high fidelity. 

The distal section 14, the intermediate section 
16 and the proximal section 12 of the core member 
10 constitutes a single solid member made of the 
same material. By forming them in a single solid 
member, occurrence of breaking and kinking can 
be prevented. This core member 10 is made of a 
supper elastic metal, Ni-Ti alloy. The core member 
10 made of a supper elastic metal does not get 
into a habit of bending and has a high torque- 
transmitting capability even when it is in winding 
blood vessels. 

Figure 4 illustrates stress-strain curves of su- 
per-elastic core members obtained by tension 
tests. These outer diameters of the core members 
were 0.343 mm. These core members are made of 
Ni-Ti alloy. These core members were subjected to 
5% tension test at 40 c* . The solid line in the 
graph shows the stress-strain characteristic of the 
core member 10 of the invention. The broken line 
shows the stress-strain characteristic of a super- 
elastic wire made of the same super-elastic ma- 
terial for comparison. As known from Figure 4, the 
yield load (yield stress) and the recovery load 
(recovery stress) of the core member 10 are small- 
er than those of the wire for comparison. Moreover, 
when the straight line for elastic range reaches the 
yield point, the straight line for the super elastic 
range extends from the yield point at a different 


angle. This indicates a wider elastic range. The 
core member 10 of this invention with this stress- 
strain characteristic is obtained by performing a 
heat treatment at a temperature of 450 to 550 c* 
5 for a time of about 30 seconds to 2 minutes. 

Figures 5(a) and 5(b) are diagrams showing the 
torque-transmitting capabilities of these super-elas- 
tic core members. A vinyl chloride tube, 6 mm in 
inner diameter, was bent in a U shape with a 
w curvature of 30 mm and filled with water of 20 c* . 
Each core member made of Ni-Ti alloy was put in 
the tube and one end was driven to rotate at 1.5 
rpm. The relationship between the angle of turn at 
the driven end (horizontal axis) and that of the free 
is end (vertical axis) was measured. The broken line 
in each graph shows the ideal torque-transmitting 
capability in which the angle of turn at the free end 
is always equal to the angle of turn at the driven 
end. 

20 Figure 5(a) shows the test results of the above 

heat-treated wire( the core member of the inven- 
tion). Figure 5 (b) shows the test results of a wire 
not heat-treated. There is about 45 degrees of 
difference at maximum between the angles of the 
25 two ends of the untreated wire. On the other hand, 
the angles of the two ends of the treated wire are 
almost same to the ideal line. This means that the 
turn applied to the proximal portion of the core 
member (the treated wire) is transmitted smoothly 
30 to the distal end without occurrence on bounces. 

Figures 6(a) and 6(b) are line graphs which 
show the rigidities of super-elastic core members 
made of Ni-Ti alloy. Two samples of Ni-Ti alloy 
wire with an outer diameter of 0.5 mm were pre- 
35 pared: one heat-treated (B) and the other one not 
heat-treated (A). In a thermostatic chamber, a load 
was applied to the middle point of the 25 mm span 
of each sample and the load was measured when 
the middle point was pressed down 2 mm(speed of 
4o 5 mm/min). As known from Figure 6(a), these two 
samples have nearly equal rigidities at 20 c* as 
known from Figure 6(a), the heat-treated sample 
(B) has a higher rigidity than the untreated sample 
(A) at 40 c * , which is equal to or greater than 1.5 
45 times its rigidity 20 c° . This means that the 
rigidity of the part of the super-elastic core mem- 
ber treated the above heating inserted into blood 
vessels considerably increases because of the 
body temperature, resulting in a higher torque- 
50 transmitting capability and pushability. 

The X-ray opaque metal coil 20 is attached to 
the distal section 14 of the core member 10 in tight 
contact with the surface of the core member. The 
X-ray opaque metal coil 20 is made of gold. The 
55 length of the metal coil 20 in the direction of the 
axis is 20 mm. The diameter of the wire of the 
metal coil 20 is about 0.1 mm. The wire is wound 
on the core member 10 in tight contact with the 
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surface of the core member and closely substan- 
tially without spaces between turns. The outer di- 
ameter of the metal coil 20 wound on the core 
member 10 is about the same as that of the 
proximal section 12. The front and rear ends of the 
metal coil 20 are secured to the core member 10 
by bonded parts 22. An adhesive is used for bond- 
ing. 

The synthetic resin envelope 30 is formed so 
that it covers the core member 10 and the X-ray 
opaque metal coil 20 and provides a substantially 
smooth outside surface. The guide wire 1 covered 
with the envelope 30 has an approximately uniform 
outer diameter. The envelope 30 is formed of a 
synthetic resin because of a synthetic resin being 
easy to form and the surface of the synthetic resin 
envelope being easy to treat as described below. 
The envelope 30 is flexible enough not to prevent 
bending of the core member, and the outside sur- 
face is substantially smooth. The envelope 30 cov- 
ers the outside surface of the metal coil 20 and 
restricts the movement of the metal coil 20. Since 
the metal coil 20 is secured to the core member 
only at its ends, the metal coil 20 can move to a 
certain extent. For the synthetic resin for the en- 
velope 30, a thermoplastic resin is preferable be- 
cause of its being easy to form, thermoplastic 
polyurethane is used for this embodiment. 

The synthetic resin of the envelope 30 contains 
45 wt% of tungsten as the X-ray opaque sub- 
stance. By covering the core member 10 with the 
envelope 30 containing an X-ray opaque sub- 
stance, the X-ray visibility of the entire guide wire 
is improved. 

The hydrophilic lubricative layer 40 covers the 
outside surface of the synthetic resin envelope 30, 
and becomes lubricative when it comes into con- 
tact with blood or an aqueous liquid, making easier 
the forward movement of the guide wire in blood 
vessels and increasing the slipperiness against the 
inside surface of the lumen of a catheter. For the 
purpose of passing through stenosed parts in blood 
vessels, the hydrophilic lubricative layer 40 may be 
formed only on the distal section or only on the 
distal and intermediates sections. The hydrophilic 
lubricative layer 40 may not be formed the rear 
end portion of the guide wire. When the guide wire 
has a length of about 1800 mm, the hydrophilic 
lubricative layer may be formed about 500 to 1500 
mm from the distal end toward the proximal end, 
preferably 500 to 1000 mm. 

For the hydrophilic lubricative substance for 
forming the lubricative layer 40, polyalkylene glycol 
such as poly(viny) alcohol) and polyethylene glycol, 
and maleic anhydride derivatives such as maleic 
anhydride-ethyl ester copolymer can be enumer- 
ated for example. 


The outside surface of the synthetic resin en- 
velope 30 may also be coated with an anticoagu- 
lant such as heparin and urokinase or an anti- 
thrombogenic material such as silicone rubber, 
5 block copolymer of urethane and silicone, or 
hydroxyethylmethacrylatestyrene copolymer. 

Next, the guide wire shown in Figure 2 is 
described. 

Figure 2 is a sectional view of the second 
io embodiment of the guide wire of the present inven- 
tion. The same structure as that in Figure 1 is 
represented by the same reference numbers. 

The guide wire 1 1 shown in Figure 2 com- 
prises a super-elastic core member 10 which con- 
15 sists of a proximal section 12, a distal section 14 
smaller in diameter than the proximal section 12 
and a intermediate section 16 between the proxi- 
mal section 12 and the distal section 14, an X-ray 
opaque metal coil 20 attached to the distal section 
20 14 of the core member 10 in tight contact with the 

distal section, a synthetic resin envelope 30 which 
covers the core member 10 and the X-ray opaque 
metal coil 20 to form a substantially smooth outside 
surface, and a hydrophilic lubricative layer 40 
25 which covers the outside surface of the synthetic 
resin envelope 30. Further, an enlargement 14a is 
formed at the tip of the distal section 14. 

The guide wire 1 of this embodiment has an 
overall length of 180 cm and an outer diameter of 
30 about 0.35 mm. The overall length of the guide 
wire 1 may be within the range of 80 to 500 cm. 
The outer diameter of the guide wire 1 is deter- 
mined appropriately for the intended application, 
and the preferable outer diameter of the guide wire 
as 1 for PTCA is equal to or smaller than 0.5 mm. 

The super-elastic core member 10 consists of 
the proximal section 12, the intermediate section 
16, and the distal section 14 and the enlargement 
at the tip of the distal section 14a. 

40 The distal section 14 has an approximately 

uniform outer diameter and an approximately uni- 
form flexibility. This portion is most flexible com- 
pared to the intermediate section 16 and the proxi- 
mal section 12. The outer diameter of the distal 
45 section 14 is about 0.08 mm, and the length is 
about 20 mm. The enlargement 14a has a rounded 
head and is formed by melting the core member 
10. The diameter of the enlargement 14a is greater 
than the outer diameter of the distal section 14 and 
50 the inner diameter of the metal coil 20, securing of 
the metal coil 20 to the core member 10 is made 
more reliable. The enlargement is formed by put- 
ting the metal coil 20 on the core member 10 and 
melting the tip of the core member 10 protruding 
55 through the metal coil 20. 

The intermediate section 16 becomes gradually 
smaller in diameter toward the distal end. In this 
embodiment, the intermediate section 16 becomes 
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gradually thinner at a uniform taper and can be 
referred to as the "tapered portion". The length of 
this intermediate section 16 is 300 mm. By forming 
this intermediate section 16 f the flexibility (ben- 
dability) of the guide wire can be continuously 5 
increased toward the distal end without an abrupt 
change which can cause kinking. 

The proximal section 12 extends from the inter- 
mediate section 16 to the proximal end of the 
guide wire 1. This proximal section has a substan- io 
tially uniform outer diameter of about 0.3 mm and a 
length of about 1500 mm. The proximal section 12 
is thicker than the distal section 14 so that it can 
transmit the torque and pushing force applied to 
the proximal portion to the distal section 14 with is 
high fidelity. 

The enlargement 14a, the distal section 14, the 
intermediate section 16 and the proximal section 
12 of the core member 10 constitutes a single solid 
member made of the same material. By forming 20 
them in a single solid member, occurrence of 
breaking and kinking can be prevented. This core 
member 10 is made of a super elastic metal, Ni-Ti 
alloy. Being made of a super elastic metal, the core 
member 10 does not get into a habit of bending 25 
and has a high torque-transmitting capability even 
when it is in winding blood vessels. 

The X-ray opaque metal coil 20 is attached to 
the distal section 14 of the core member 10 in tight 
contact with the surface of the core member. The 30 
X-ray opaque metal coil 20 is made of an alloy of 
95% of platinum and 5% of iridium (Vickers Hard- 
ness: 90 to 180). This metal coil has an appropriate 
rigidity in addition to a high X-ray shadow produc- 
ing capability. Because of this rigidity, the metal 35 
coil 20 can retain the new shape after plastic 
deformation and makes it possible to form the 
distal section of the core member into a desired 
shape. The length of the metal coil 20 in the 
direction of the axis is 20 mm. The diameter of the 40 
wire of the metal coil 20 is about 0.1 mm. The wire 
is wound on the core member 10 in tight contact 
with the surface of the core member and closely 
substantially without spaces between turns. The 
outer diameter of the metal coil 20 wound on the 45 
core member 10 is smaller than that of the proxi- 
mal section 12. The front and rear ends of the 
metal coil 20 are secured to the core member 10 
by bonded parts 22. An adhesive is used for bond- 
ing in this embodiment. 50 

. The synthetic resin envelope 30 is formed so 
that it covers the core member 10 and the X-ray 
opaque metal coil 20 and provides a substantially 
smooth outside surface. The guide wire 1 covered 
with the envelope 30 has an approximately uniform 55 
outer diameter. The envelope 30 is formed of a 
synthetic resin because of a synthetic resin being 
easy to form and the surface of the synthetic resin 


envelope being easy to treat as described below. 
The envelope 30 is flexible enough not to prevent 
bending of the core member 10, and the outside 
surface is substantially smooth. The envelope 30 
covers the outside surface of the metal coil 20 and 
restricts the movement of the metal coil 20. Since 
the metal coil 20 is secured to the core member 10 
only at its ends, the metal coil 20 can move to a 
certain extent. For the synthetic resin for the en- 
velope 30, a thermoplastic resin is preferable be- 
cause of its being easy to form, methacrylic acid- 
modified polyethylene is used for this embodiment. 

The synthetic resin of the envelope 30 contains 
45 wt% of tungsten as the X-ray opaque sub- 
stance. By covering the core member 10 with the 
envelope 30 containing an X-ray opaque sub- 
stance, the X-ray visibility of the entire guide wire 
is improved. 

The hydrophilic lubricative layer 40 covers the 
outside surface of the synthetic resin envelope 30, 
and becomes lubricative when it comes into con- 
tact with blood or an aqueous liquid, making easier 
the forward movement of the guide wire in blood 
vessels and increasing the slipperiness against the 
inside surface of the lumen of a catheter. For the 
purpose of passing through stenosed parts in blood 
vessels, the hydrophilic lubricative layer 40 may be 
formed only on the distal section. 

For the hydrophilic lubricative substance for 
forming the lubricative layer 40, poly(glycidyl 
methacrylate) (PGMA)-dimethyl acrylamide 
(DMAA), a block copolymer of hydrophilic com- 
pound and hydrophobic compound, is used. 

Next, the guide wire shown in Figure 3 is 
described. 

Figure 3 is a sectional view of the third em- 
bodiment of the guide wire of the present invention. 
The same structure as that in Figure 1 is repre- 
sented by the same reference numbers. 

The guide wire 100 shown in Figure 3 com- 
prises a superelastic core member 10 which con- 
sists of a proximal section 12, a distal section 14 
smaller in diameter than the proximal section 12 
and a intermediate section 16 between the proxi- 
mal section 12 and the distal section 14, an X-ray 
opaque metal coil 20 attached to the distal section 
14 of the core member 10 in tight contact with the 
distal section, a synthetic resin envelope 30 which 
covers the core member 10 and the X-ray opaque 
metal coil 20 to form a substantially smooth outside 
surface, and a hydrophilic lubricative layer 40 
which covers the outside surface of the synthetic 
resin envelope 30. Further, the distal section 14 of 
the core member 10 has a capability (physical 
property) of retaining the shape it takes by re- 
shaping from around room temperature to body 
temperature. 
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The guide wire 1 of this embodiment has an 
overall length of 180 cm and an outer diameter of 
about 0.35 mm. 

The super-elastic core member 10 consists of 
the proximal section 12, the intermediate section 
16, and the distal section 14. 

The distal section 14 has an approximately 
uniform outer diameter and an approximately uni- 
form flexibility, and is most flexible compared to 
the intermediate section 16 and the proximal sec- 
tion 12. The outer diameter of the distal section 14 
is about 0.08 mm, and the length is about 20 mm. 

A stress-strain curve of the core member used 
for the distal section is shown in Figure 7. The 
diameter of the core member was about 0.335 mm. 
The core member was subjected to 5% tension 
test at 40 c* . It is known from this diagram that 
about 1.8% of strain remains when applying 5% 
stress to the core member and then unloading. The 
distal section can be reshaped by hands. 

The intermediate section 16 becomes gradually 
smaller in diameter toward the distal end. In this 
embodiment, the intermediate section 16 becomes 
gradually thinner at a uniform taper and can be 
referred to as the "tapered portion". The length of 
this intermediate section 16 is 300 mm. By forming 
this intermediate section 16, the flexibility (ben- 
dability) of the guide wire can be continuously 
increased toward the distal end without an abrupt 
change which can cause kinking. 

The proximal section 12 extends from the inter- 
mediate section 16 to the proximal end of the 
guide wire 1. This proximal section has a substan- 
tially uniform outer diameter of about 0.3 mm and a 
length of about 1500 mm. The proximal section 12 
is thicker than the distal section 14 so that it can 
transmit the torque and pushing force applied to 
the proximal portion to the distal section 14 with 
high fidelity. 

The distal section 14, the intermediate section 
16 and the proximal section 12 of the core member 
10 constitutes a single solid member made of the 
same material. By forming them in a single solid 
member, occurrence of breaking and kinking can 
be prevented. This core member 10 is made of a 
supper elastic metal, Ni-Ti alloy. Being made of a 
super elastic metal, the core member 10 does not 
get into a habit of bending and has a high torque- 
transmitting capability even when it is in winding 
blood vessels. 

The X-ray opaque metal coil 20 is attached to 
the distal section 14 of the core member 10 in tight 
contact with the surface of the core member. The 
X-ray opaque metal coil 20 is made of an alloy of 
90% of platinum and 10% of iridium (Vickers Hard- 
ness: 120 to 240). This metal coil has an appro- 
priate rigidity in addition to a high X-ray shadow 
producing capability. Because of this rigidity, the 


metal coil 20 can retain the new shape after plastic 
deformation and makes it possible to form the 
distal section of the core member into a desired 
shape. The length of the metal coil 20 in the 
5 direction of the axis is 20 mm. The diameter of the 
wire of the metal coil 20 is about 0.1 mm. The wire 
is wound on the core member 10 in tight contact 
with the surface of the core member and sparsely 
to form narrow spaces between turns as shown in 
10 Figure 9. The coil 20 has a narrow spiral space. 
The outer diameter of the metal coil 20 wound on 
the core member 10 is a little smaller than that of 
the proximal section 12. The front and rear ends of 
the metal coil 20 are secured to the core member 
is 10 by bonded parts 22. An adhesive is used for 
bonding in this embodiment. 

The synthetic resin envelope 30 and the hydro- 
philic lubricative layer 40 are the same as those of 
the first embodiment. 

20 Next, the function of the guide wire of this 

invention is described using the embodiment for 
PTCA. 

First, a guiding catheter is advanced to the 
entrance of the coronary artery via an aorta. Next, 
25 a contrast medium is injected from the distal end of 
the guiding catheter into the coronary artery to 
make sure of the location of the stenosed part 
aimed at. Next, a dilation catheter with a balloon for 
widening a stenosed part near its distal end and 
30 the guide wire of the present invention are inserted. 
The guide wire of the present invention is passed 
through the guide wire lumen of the catheter in 
advance. 

The distal section of the guide wire is reshaped 
35 beforehand into an appropriate shape matching the 
shape of branch in the blood vessel to make easier 
the insertion of the distal end of the guide wire into 
the blood vessel aimed at. Since a metal coil which 
undergoes plastic deformation is attached to the 
40 super-elastic core member which does not or not 
easily get into a habit of bending, the guide wire of 
the present invention can be reshaped repeatedly 
into any shape (shape in which about 5 mm of 
distal section bent at about 60 degrees, for exam- 
45 pie) because of the shape-retaining force of the 
metal coil exceeding the resilient force of the core 
member. 

The dilation catheter with the guide wire being 
passed through the lumen is inserted into the guid- 
50 ing catheter. When the distal end of the dilation 
catheter reaches the distal end of the guiding cath- 
eter, the insertion of the dilation catheter is stop- 
ped, and the guide wire alone is advanced into the 
coronary artery, monitoring with a fluoroscope as 
55 necessary. Since this guide wire of the present 
invention is provided with the X-ray opaque metal 
coil at the distal section, the distal end of the guide 
wire can be easily located. 
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When insertion of the guide wire into the pre- 
determined branch is difficult or when selection of 
another branch is desired, the guide wire can be 
pulled out and reshaped again. Since the core 
member has a super elasticity, it does not or not 
easily gets into a habit of bending. The reshape is 
retained by the metal coil. The guide wire can be 
reshaped repeatedly into any desired form. The 
metal coil is covered with the synthetic resin en- 
velope and not secured to the core member except 
its ends. Therefore, the distal section of the guide 
wire is bent to reshape, the synthetic resin en- 
velope hinders the movement of the coil. However, 
the spaces of the turns of the metal coil are widen- 
ed at the outside of the curve and narrowed at the 
inside with the turns overlapping to some extent by 
stroking movement of fingers. Once the distal sec- 
tion is bent into a desired shape, the shape is 
retained by the plastic deformation of the metal coil 
and the restraint imposed by the synthetic resin 
envelope and not easily deformed by the insertion 
into a catheter. 

When the guide wire reaches the stenosed 
part, it is pushed in being rotated slowly to pass 
through the stenosed part. Because of the high 
torque-transmitting capability of the super-elastic 
core member, the substantially smooth outside sur- 
face of the synthetic resin envelope, and the high 
lubricity of the hydrophilic lubricative layer over the 
outside surface of the synthetic resin envelope, the 
rotation of the proximal side is smoothly transmit- 
ted to the distal end, and the distal end rotates 
smoothly without bouncing. Therefore, passing of 
the guide wire through stenosed parts is made 
easier. 

Then, the dilation catheter is advanced along 
the guide wire, the balloon is positioned at the 
stenosed part, and a pressured contrast medium is 
introduced into the balloon to widen the stenosed 
part. After the dilation is completed, the dilation 
catheter is pulled out. 

The guide wire of the present invention can 
also be used for guiding various catheters such as 
contrast-medium injection catheters for brain or ab- 
dominal part and treatment catheters, though de- 
scribed above as for PTCA. 

The guide wire of the present invention is thus 
reshapable, repeatedly and accurately in any de- 
sired form, has a high X-ray visibility, and can be 
easily passed through stenosed parts. A contrast 
medium is injected into blood vessels intermittently 
to identify the desired coronary artery with irradia- 
tion of X rays. Manipulation of the distal end of the 
guide wire is also performed keeping track of the 
position of the distal end with irradiation of X rays. 
Therefore, there is desired for the distal end of the 
wire than that of the contrast medium used for 
angiography. 


Further, to advance the guide wire inserted 
from the femoral artery into the coronary artery via 
the aorta, the aortic arch and the entrance of the 
coronary artery r a sufficient flexibility needed to 

5 bend along the blood vessels and a high capability 
of transmitting the pushing force applied to the 
distal side to the distal end (pushability) are re- 
quired. 

ro Claims 

1. A guide wire for a catheter comprising: 

a super-elastic core member having a 
proximal section, a distal section smaller in 

;5 diameter than said proximal section and a in- 

termediate section between said proximal sec- 
tion and said distal section; 

an X-ray opaque metal coil attached to 
said distal section of said core member in tight 

20 contact with said distal section; 

a synthetic resin envelope which covers 
said core member and said X-ray opaque met- 
al coil to form a substantially smooth outside 
surface; and 

25 a hydrophilic lubricative layer which covers 

said outside surface of said synthetic resin 
envelope. 

2. The guide wire of claim 1 , wherein said super- 

30 elastic core member is made of Ni-Ti alloy. 

3. The guide wire of claim 1, wherein said distal 
section of said super-elastic core member has 
a substantially uniform outer diameter or be- 

35 comes gradually smaller in outer diameter to- 

ward said distal end at a smaller taper. 

4. The guide wire of claim 1, wherein said inter- 
mediate section is more flexible than said 

40 proximal section, and said distal section is 

more flexible than said intermediate section. 

5. The guide wire of claim 1, wherein said inter- 
mediate section becomes gradually smaller in 

45 outer diameter toward said distal end. 

6. The guide wire of claim 1, wherein said inter- 
mediate section has said first intermediate sec- 
tion which becomes smaller in diameter at said 

so first taper and said second intermediate sec- 

tion which becomes smaller in diameter at said 
second taper larger than said first taper. 

7. The guide wire of claim 1 , wherein said syn- 

55 thetic resin envelope contains an X-ray opaque 

substance. 
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8. The guide wire of claim 1 , wherein a front end 
of said coil is secured to said super-elastic 
core member. 

9. The guide wire of claim 1, wherein a rear end 5 
of said coil is secured to said super-elastic 
core member. 

10. The guide wire of claim 1, wherein said inter- 
mediate portion of said coil is not secured to io 
said super-elastic core member. 

11. The guide wire of claim 1, wherein a front end 

and a rear end of said coil are secured to said 
super-elastic core member. 75 

12. The guide wire of claim 1, wherein said hydro- 
philic lubricative layer is fixed to said outside 
surface of said synthetic resin envelope. 

20 

13. The guide wire of claim 1, wherein said hydro- 
philic lubricative layer covers said outside sur- 
face of said synthetic resin envelope without a 
rear end portion of said guide wire. 

25 

14. The guide wire of claim 1, wherein said guide 
wire has an approximately uniform outer diam- 
eter from a distal end to a proximal end. 
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